INTRODUCTION
Antioxidants have been widely used as food additives to provide protection against oxidative degradation of foods by free radicals. Antioxidants are known as molecules capable of inhibiting the oxidation process in the body, preventing the forming of free radicals. [1] They can be found naturally in biological materials or food; because of their safety, therapeutic, and nutritional properties, they have drawn a considerable amount of attention. [2] There is an increasing interest in antioxidants, particularly in those intended to prevent the presumed deleterious effects of free radicals in the human body, and to prevent the deterioration of fats and other constituents of foodstuffs. In both cases, there is some preference for antioxidants from natural rather than from synthetic sources. [3] Plants have significant antioxidant activities due to the presence of different compounds like essential oils, polyphenols, flavonoids, terpenoids, etc. [2, 4, 5] Generally, essential oils are widely used as food flavors and preservatives and extend the shelf life of dishes and processed food products. [2, 6] Their antioxidant capacity for acting in metabolic response to the endogenous production of free radicals and other oxidant species has been demonstrated. [7] Achillea, is one of the most important genera of the Compositae family. Yarrow (Achillea tenuifolia Lam.) is one of the native species which grows wildly in different regions of Iran. [8] This plant has been used as a medicinal herb for a long time and it now is an important drug used both in folk and official medicines. [9, 10] Its essential oil has anticancer, anti-inflammation, and antimicrobial properties. [11] The main objectives of the present study were to evaluate the antioxidant properties of the essential oil from Achillea tenuifolia aerial parts and to find out which compounds contribute to the effects.
MATERIALS AND METHODS

Plant Material and Oil Isolation
The plant materials were collected from the mountains in the city of Ilam-Iran in 2012-2013. The Achillea tenuifolia aerial parts, such as the stem, flowers, and leaves, were ground and the resulting powder was subjected to hydrodistillation for 3 h in an all glass Clevenger-type apparatus according to the method recommended by the European Pharmacopoeia. [12] The obtained essential oils were dried over anhydrous sodium sulphate and after filtration, stored at +4 • C until tested and analyzed.
Essential Oil Analysis
The gas chromatography-mass spectrometry (GC/MS) analyses were executed on a Hewlett-Packard 5973N gas chromatograph equipped with a column HP-5MS (30 m length × 0.25 mm i.d., film thickness 0.25 lm) coupled with a Hewlett-Packard 5973N mass spectrometer. The column temperature was programmed at 50 • C as an initial temperature, holding for 6 min, with 3 • C increases per minute to the temperature of 240 • C, followed by a temperature enhancement of 15 • C per minute up to 300 • C, holding at the mentioned temperature for 3 min. Injector port temperature was 290 • C and helium used as carrier gas at a flow rate 1.5 ml/min. Ionization voltage of mass spectrometer in the EI-mode was equal to 70 eV and ionization source temperature was 250 • C. Linear retention indices for all components were determined by coinjection of the samples with a solution containing homologous series of C8-C22 n-alkanes and comparing them and their mass spectra with those of authentic samples or with available library data of the GC/MS system (WILEY 2001 data software) and Adams libraries spectra. [13] Antioxidant Activity
The efficacy of the essential oils to scavenge 2,20-diphenyl-1-picrylhydrazyl (DPPH) radicals was evaluated using a spectrophotometry method. [14, 15] On basis of bleaching of the bluish-red or purple color of DPPH solution as a reagent. Briefly, a 50 µl volume of various dilutions of each sample was mixed with 5 ml of 0.004% methanol solutions of DPPH followed by 30 min incubation at ambient temperature. Thereafter, the sample absorbance was recorded against control at 517 nm. The inhibition percentages were measured using Eq. (1). The antioxidants activity of the test samples in concentration providing 50% inhibition, were considered as IC50 (lg/ml).
Inhibition percent = Abs control − Abs sample /Abs control × 100
Butylhydroxyanisole (BHA) and ascorbic acid were used as positive controls. All experiments were repeated three times and the average results and standard deviations calculated.
1938
KAZEMI
Rapid screening for antioxidants
For the screening of antioxidant compounds in Achillea tenuifolia essential oil, the thin layer chromatography (TLC)-bioautography method was carried out. [5, 16] The diluted oil (1:20 in methanol) was spotted on silica gel sheets (silica gel 60 F254 TLC plates) and developed in n-hexane-ethyl acetate (9:1). Plates were sprayed with the methanolic solution of DPPH• (0.2%). The active constituents were detected as yellow spots on a violet background. Only zones where their color turned from violet to yellow within the first 30 min (after spraying) were taken as positive results.
Activity guided fractionation of the essential oil for antioxidants
For the isolation and identification of the active compounds in the essential oil, plate TLC (PTLC) was performed using the conditions previously described. [5] The regions showing DPPH• scavenging activity were scrapped off then, they were eluted with chloroform. All resulting constituents were analyzed by GC/MS and also tested for their antioxidant activities.
Statistical Analysis
The quantitative data of major components of oil were statistically examined by one-way analysis of variance (ANOVA), and significant differences among groups were subsequently analyzed by Duncan's multiple range test (p < 0.05). Correlation and regression coefficients were performed using the Statistical Package for the Social Sciences (SPSS).
RESULTS AND DISCUSSION
Chemical Composition of Essential Oil
The chemical compositions of Achillea tenuifolia essential oil are shown in Table 1 . Twenty-two compounds representing 98.58% of Achillea tenuifolia essential oil were identified. The major organic compounds detected in the seeds oils, were thymol (15%), α-pinene (10.11%), [17] indicated the major constituent of the essential oil of Achillea tenuifolia was caryophyllene oxide and in other studies, borneol was the second most abundant constituent of oil. [18] Similar to previous studies, [19] 1, 8-cineole was found to be the major constituent of the oil Achillea tenuifolia, while others reported camphor as the major constituent of this oil. [20] It has been reported that the chemical compositions of the essential oil are highly influenced by climatic conditions and geographical factors. [21] Antioxidant Activity
Reactive oxygen species (ROS), including oxygen radicals and their reaction products, are known to react with biological molecules, leading to cell and tissue damage. In vitro methodologies have been widely used to assess antioxidant properties of medicinal plant extracts, however, these assays are often very specific for a particular mode of action and do not necessarily reflect the normal biological context in which they react. [22] Antioxidant activity is a complex process usually occurring through several mechanisms. Due to its complexity, the evaluation of the antioxidant activity for pure compounds or extracts should be carried out by more than one test method. [23] Recently, DPPH radical scavenging activity, a useful indicator of ROS, has been developed as a new sensitive test which allows detection of both the anti-and pro-oxidant properties. The lower IC 50 value indicates a stronger ability of the extract to act as a DPPH scavenger while the higher IC 50 value indicates a lower scavenging activity of the scavengers as more scavengers were required to achieve 50% scavenging reaction. The results presented in Table 2 revealed that Achillea tenuifolia essential oil and its main constituents exhibited a remarkable activity. In particular, thymol showed clearly a higher activity (IC50 = 10.04 ± 0.1 µg/ml) followed by Achillea tenuifolia essential oil (15.12 ± 0.4 µg/ml), carvacrol (11.06 ± 0.1 µg/ml), and γ -terpinene (13 ± 0.1 µg/ml). α-Pinene (22.06 ± 0.6 µg/ml), camphene (23 ± 0.9 µg/ml), β-pinene (20.05 ± 0.03 µg/ml), α-terpinene (18 ± 0.03 µg/ml), p-cymene (20.05 ± 0.4 µg/ml), 1,8-cineole (21.2 ± 0.2 µg/ml), and linalool (19.04 ± 0.1 µg/ml) were inactive (Table 2) , despite previous reports of their in vitro antioxidant activities. [24] Butylhydroxyanisole (BHT) and ascorbic acid as positive controls were exhibited IC 50 values equal to 15.14 ± 0.2 µg/ml and 10.6 ± 0.3 µg/ml, respectively. Because of high antioxidant and free radical scavenging activities of Achillea tenuifolia essential oil, it was further investigated to identify its active constituents. Therefore, a preliminary screening was initially carried out using the dot-blot DPPH• staining method on TLC. As the essential oil presented a significant antioxidant activity in the assays and bioautography test, it was subjected to the PTLC for isolation of the active compounds. Components identified and their antioxidant activity relative percentages have been showed in Table 3 . The major compound found in the active band was thymol (80%). The antioxidant activities of these volatiles in cellular assays have not been previously reported and the results could be explained by the fact that in vitro tests do not take the physiological conditions of the cell, bioavailability of the antioxidant molecule, as well as general cellular metabolism into account. Carvacrol and thymol have been reported to contribute to the in vitro antioxidant activity of essential oil. [16,25−27] However, the results indicated that the antioxidant activity of the essential oil is mainly due to the action of thymol.
CONCLUSION
The data from the present study indicate that the essential oil extracted from Achillea tenuifolia exhibit potent biological activities, which support their use in traditional medicine. Moreover, results regarding the bioactivities of the main volatile components suggest that the observed activities of the essential oil are connected to its chemical composition, where thymol has been found to be the most active compounds. There was a good correlation between total phenol content and antimicrobial and antioxidant capacity of the extracts. In conclusion, Achillea tenuifolia extracts appear to contain compounds with antioxidant activities.
